Study objective-This study investigates the spatial pattern of tumours in Europe to check the feasibility of a large scale ecological epidemiology approach to cancer in Europe. Setting-The tumour types relative frequencies and cancer incidence (for men and women) reported in the European cancer registries were investigated by exploratory data analysis techniques. Socioeconomical descriptors of the female condition were considered as well. Main results-The classification of the European regional areas covered by the cancer registries followed almost exactly the boundaries set by the long and intermingled European history in terms of life styles and cultural heritage. This result supports the notion of a predominant role of environmental factors in cancer induction. Further support to the above result was given by the finding of a correlation between diVerential malefemale cancer incidence, and socioeconomic descriptors of the female condition. Conclusions-From a methodological point of view, the consistency of these results pointed to the feasibility of an ecological approach to tumour epidemiology. (J Epidemiol Community Health 2000;54:262-268) A large literature indicates that the multiplicity of cancer causes dramatically lowers the power of classic epidemiological studies in pointing out cancer risk factors, 1 2 thus giving rise to attempts to find new methodological tools, which can be classified into the large families of molecular epidemiology on the one hand, and ecological epidemiology on the other hand. This work is an ecological analysis of a very specific case (tumour induction and spectra in Europe); it is also aimed at contributing to the investigation on the practicality of such methods. In fact, the presence of overwhelming causal associations (like lung cancer and smoking habits), of exceedingly frequent tumour types (like lung and prostate for men and breast for women) and the huge spatial variability in average tumour incidence (around 50% for the areas considered in our study) seem to be, in principle, diYcult obstacles for ecological studies on this subject.
A large literature indicates that the multiplicity of cancer causes dramatically lowers the power of classic epidemiological studies in pointing out cancer risk factors, 1 2 thus giving rise to attempts to find new methodological tools, which can be classified into the large families of molecular epidemiology on the one hand, and ecological epidemiology on the other hand. This work is an ecological analysis of a very specific case (tumour induction and spectra in Europe); it is also aimed at contributing to the investigation on the practicality of such methods. In fact, the presence of overwhelming causal associations (like lung cancer and smoking habits), of exceedingly frequent tumour types (like lung and prostate for men and breast for women) and the huge spatial variability in average tumour incidence (around 50% for the areas considered in our study) seem to be, in principle, diYcult obstacles for ecological studies on this subject.
Moreover, Europe has had a long and intermingled history in which, for more than 3000 years, populations strongly interacted with each other in all possible ways (war, commercial and cultural exchanges, massive migrations, etc). [3] [4] [5] These interactions not only simply followed the historical events but also shaped the cultural heritage of Europeans by generating a strong general commonality and equally strong regional diVerences. 4 5 The cultural diVerences among European populations, involving almost all aspects of everyday life, from food to the use of leisure time, are still present today (even if less evident than in the past decades) and, together with physical constraints such as climate, altitude, relative distance from the sea, shape the European environment. European history permits the sketching of some indistinct boundaries partitioning Europe into macro-areas with relatively homogeneous cultural heritage. These boundaries, given the high level of gene flux among Europeans through the centuries, 3 are correlated but not coincident with the areas delineated by population genetics 3 6 7 Given these premises, and as environmental factors are recognised as predominant in the induction of cancer, 1 the general question we want to answer is: is it possible to exploit the above diVerences related to cultural heritage for modelling the geographical patterns of tumour incidence in Europe and recognising more clearly causal factors of cancer? The importance of this issue is related to the need for an eYcient, epidemiologically-based cancer surveillance. Table 1 lists the European geographical areas studied in this paper. These are the areas for which cancer registries, meeting the reliability criteria set up by the International Agency for Research on Cancer, are available. The areas analysed are those present in both 1985-1988 and 1988-1992 International Agency for Research on Cancer compilations. 8 9 This selection was dictated by the need to check for the consistency between the two compilations of data. This consistency was actually demonstrated in a previous work. 10 Each area was defined by 85 variables corresponding to the standardised proportion of the incidence of 41 male and 44 female types of tumours (see names in table 3 ). The proportion is normalised for the total incidence of tumours in each area. The data analysed in this work were retrieved from the International Agency for Research on Cancer compilation relative to the 1988-1992 period. 9 The above data have a number of advantages for this analysis. The macro scale of the regional areas, being on average over millions of people, is not influenced by the interindividual variability as in the classic epidemiological studies, thus being suitable for highlighting large scale trends that interindividual variability often masks. On the other hand, the fact that we relied on the variability between normalised tumour spectra automatically ruled out the problems related to the presence of exceedingly frequent cancers, to the global tumour incidence variability between areas (probably linked to peculiar exposition situations) and to the presence of very strong (and thus uniformly distributed) causal associations.
Methods

CANCER DATA
For the purpose of this analysis, the 85 variables that represent the tumour types (tumour spectra) were summarised into five Principal Components for the female population (PCF1 to PCF5), and five Principal Components for the male population (PCM1 to PCM5) (table  3) . A short presentation of the Principal Component Analysis is given below.
In addition to the profile variables, the normalised diVerence between male and female global tumour incidence (DELTAN) was used to characterise the studied areas (table 2) (DELTAN= (PM-PF)/PM, with PM representing the whole incidence of tumours in men and PF the whole incidence of tumours in women normalised per 10000 inhabitants).
SOCIOECONOMIC VARIABLES
Socioeconomic data relative to the female condition were available for 37 European countries. These included 16 countries for which we had the pathology data analysed here, plus Albania, Austria, Belgium, Bosnia, Bulgaria, Croatia, Estonia, Greece, Hungary, Latvia, Lithuania, Luxembourg, Macedonia, Malta, Netherlands, Portugal, Romania, Russia, Switzerland, Ukraine, Yugoslavia. The demographic variables are listed in table 5. These 15 variables gave rise to four Principal Components (DEM1 to DEM4), collectively explaining 81% of variance; Component 1 (DEM1) by itself explained 46% of total variability. DEM1-DEM4 were used to investigate the correlation between the demography and pathology description of the European countries.
DATA ANALYSIS STRATEGY AND TECHNIQUES
Multivariate descriptive statistical procedures were used: Principal Component Analysis 11 ; k-means cluster analysis 12 13 ; and Kruskal-Wish multidimensional scaling. 14 The Principal Components are the optimal synthetic descriptors of a multivariate data set. 15 16 The computation of the Principal Components permits the representation of a set of data in terms of new variables (Components), which correspond to the directions of maximal elongation of the data cloud in the space of the original variables. In mathematical terms, the Principal Components are the linear combinations of the original variables allowing the most parsimonious representation (for example, with the minimal number of variables) of the original information. The Components are mutually orthogonal, thus permitting a representation of the original data set devoid of redundancy. The Components are generated in decreasing order of explained variance (Component 1 always explains the highest fraction of variance, and so on). The Components correspond to the independent concepts underlying a given set of data, and their meanings can be rationalised by the inspection of the "factor loadings"-that is, the correlation coefficients of each Component with the original variables. In our case, the 41 male and 44 female tumour types were expressed by their first five principal components (PCM1-PCM5 and PCF1-PCF5 for men and women respectively). The k-means cluster analysis is aimed at highlighting a mathematically optimal partition of the statistical objects (here, regional areas). The optimality criterion of k-means algorithm constructs classes that are the most internally homogeneous (minimal intra-cluster variance) with maximum separation between them (maximal inter-cluster variance). 12 13 The Kruskal-Wish non-metric multidimensional scaling technique 14 generates two explicit coordinates (axes) in which the points (statistical units) are projected, with the goal of maximising the rank correlation between the original distances among the points and the distances in the projection space. In other words, the algorithm gives an optimal bidimensional representation of complex data sets by maximising the topological resemblance between the "high dimensional" input and the "low dimensional" output. 
Results and Discussion
SUMMARISING THE TUMOUR PROFILES OF THE EUROPEAN AREAS INTO NEW DESCRIPTORS
The European areas were described by the profile of induction of 85 diVerent types of tumours (standardised proportion of incidence). These variables were summarised into five Principal Components for the female population (PCF1 to PCF5), and five Principal Components for the male population (PCM1 to PCM5). Principal component analysis is the optimal way of summarising very sparse information (that is, many variables) into a reduced number of new descriptors (Principal Components) that, still conveying the original information, have a more easily manageable size. In the interpretation of the Components, it should be remembered that each of them combines together the information from a set of correlated variables (here, tumour types). Tables 4 (A), (B) report the factor loadings profile of the male and female components respectively. The five Components solution explains 60% and 57% of total profile variability for male and female respectively. These Principal Components were previously demonstrated 10 to be substantially time invariant (average correlations between 1985-1988 and 1988-1992 periods: 0.8-0.9).
Hodgkin's dis = Hodgkin's disease; non-H lym = nonHodgkin's lymphoma; Mult myel = multiple myeloma; Lym leuk = lymphoid leukaemia; Myel leuk = myeloid leukaemia; Oth leuk = other leukaemias; Leuk unsp = leukaemia unspecified. The interpretation of the Components by the factor loadings (table 3) must be guided by the consideration that the correlations between tumours must be intended solely on population basis. Each person is scored of only one tumour type, thus the correlation between the tumour sites A and B arises from the fact that regional areas having a comparatively high (low) proportion of A have an high (low) proportion of B.
In terms of correlations among tumour types, PCM1 is characterised by the opposition between oral cavity tumours and pancreas plus multiple myeloma tumours. PCM2 is driven by the opposition of lip, nasopharinx, larynx versus colon, prostate, non-Hodgkin's lymphoma. PCF1 is driven by the opposition liver, gall bladder, connective tissue, lip, ovary, non-Hodgkin's lymphoma versus oesophagus, colon, hypopharynx. PCF2 has to do with the balance between genital tumours other than uterus and ovary, non-pulmonary thoracic tumours and endocrine and multiple myeloma tumours. As pointed out above, the associations among tumours are typical of the geographical areas (not of the person); thus any explanation has to be essentially modelled by socioeconomical cultural factors, and only secondarily by biomedical considerations. We plan to perform a refined socioeconomic characterisation of the areas in a future investigation.
CLASSIFICATION OF THE EUROPEAN AREAS ACCORDING TO TUMOUR SPECTRA
While planning a detailed interpretation of the Components in terms of socioeconomic and/or environmental determinants, we used the Components for studying the similarity of the European regions in terms of tumour spectra: this was accomplished by applying the k-means cluster analysis to the five female and five male Principal Components separately. The analysis of the female Principal Components pointed to an optimal six classes partition of the 44 areas. This partition is summarised in table 4 and accounts for around 75% of total variability. The clustering of the correspondent male data (PCM1-5) saved around 74% of total variability, and had a relative concordance of 0.88 contingency coeYcient (qualitative-case alternative to the Pearson r 17 ) with the female partition ( 2 = 153.18; p<0.001). Table 4 shows the concordance between the partition obtained and the classic European "cultural-geographical" areas:
Mediterranean: as expressed by Cluster 6 that collect all and only the Italian and Spanish locations (with the only exception of Saarland).
Eastern Europe: as expressed by Cluster 5 that collects all and only Eastern Europe areas with the only exception of Belarus that forms an outlier (Cluster 1).
Scandinavia: as expressed by Cluster 4 (with the only exception of Trieste that in any case, given its peculiar history of mixed population and habits can hardly be considered homogeneous to the other Italian locations, and is part of Italy only since 1918).
France: all the French locations were grouped in the almost "pure French" Cluster 3 (with the only exception of Slovenia that, in any case, is strongly heterogeneous for history and cultural habits to Eastern Europe).
Northern Europe: Cluster 2 collected all the United Kingdom locations together with Denmark and Eire.
This result points to the presence of a clear "nation" eVect, with the regional areas pertaining to the same nation that cluster together, irrespective of their relative industrial, farming, urban, or rural character and of their relative global incidence of tumours.
It should be noted that this partition has nothing to do with the relative tumour incidence (for example Varese and Ragusa are in the same cluster even if they have a huge (around 50%) diVerence in cancer average incidence) but only with the relative abundance (see  table 4B ). of diVerent target sites (this because we normalised for the diVerences in absolute incidence).
Figure 1 The space spanned by the first two variables (Dimension 1, Dimension 2) derived by the application of Kruskal-Wish multidimensional scaling procedure to the Euclidean distances among clusters. The location of the points (clusters) in this space is the best (in a least square sense) reproduction of the observed diVerences in cluster profiles
Further results were obtained by applying multidimensional scaling to the between clusters distance matrix: this analysis projected the clusters of areas into a two dimensional plane according to their tumour spectra dissimilarities (distances). Given the high correlation between the male and female partitions, only the female data set was used. Figure 1 shows the presence of "super aggregations" consisting of France and Northern Europe on the one hand and Scandinavia and Eastern Europe on the other, while Mediterranean and Belarus remained distinct poles.
Many hypotheses can be made about these super aggregations: Scandinavia and Eastern Europe are genetically more similar to each other, than to other European areas 3 ; moreover, they have been in close contact through migrations and commerce for a long time. Similar arguments can be made for Northern Europe and France. Moreover, it should be remembered that the high genetical flux among Europeans makes Europe very homogeneous from the genetic point of view, and that the genetical distances do not delineate such sharp areas like the one evidenced in this study. 6 As a demonstration of this, we show in figure 2 a map obtained by Principal Component Analysis of AB*0 alleles (blood groups). 18 This genetical map points to a picture much more indistinct than that highlighted by grouping the areas on the basis of tumour spectra. This is a clear indication that "culture" in the broad sense of life style habits has a predominant role in shaping the cancer incidence profiles.
MALE-FEMALE DIFFERENTIAL INDUCTION OF
CANCER
The presence of such a clear correlation structure among the diVerent areas stimulated us to further check it: as a probe, we used a number of socioeconomic variables describing the female condition. The goal of this analysis was to investigate if a "cultural" description of the areas (like that provided by the socioeconomic characterisation of the female condition) was able to explain the observed tumour patterns. Based on the previous results pointing to a nation eVect, this confirmatory analysis was performed on a nation basis. 19 ) applied to this socioeconomic data set gave rise to a four components solution (DEM1 to DEM4) reported in table 6. The four components globally explained 81% of total variability, with the first component (DEM1) by itself explaining 46% of total variability. The inspection of the variables maximally loaded on DEM1 shows that DEM1 summarised the advancement in female socioeconomic condition occurring in the past decades in wealthiest countries: in fact the reaching of "apical" positions for women (per cent of female ministers, loading=0.821) goes hand in hand with the per capita GNP (loading= 0.941) and the increase of mother mean age at birth ( loading= 0.858). All this is a consequence of the past decades European history and the inter-nations variability along this component is a comprehensive index of the degree of socioeconomic development.
system is used as raw estimate of genetic resemblance between populations, based on the fact that it is the only genetic marker for which direct and reliable data are available at the regional level. It is worth noting the intermingled character of European populations that are diYcult to separate on genetical basis, with the only possible exceptions of Eastern Europe and small islands (Eire and Iceland
Then we averaged the PCM1-5, PCF1-5 and DELTAN data on a nation basis (data not shown). DELTAN is the normalised diVerence between male and female global tumour incidence. The utility of this parameter is linked to its "pure environmental" character (the biological diVerences between sexes are obviously identical in all the studied areas and thence the wide between areas variability evident in table 2 is completely attributable to environmental factors) and to the possibility to have a description of the studied areas by means of socioeconomic parameters related to the female condition. Thus the socioeconomic description of Europe under the perspective of female condition should be most naturally comparable with the DELTAN index (in addition to the female tumour profile components).
The only socioeconomic component displaying a statistically significant correlation with the pathology variables was DEM1. The correlations are reported in table 6: it is worth noting the high statistical significance of the relations scored between DEM1 and DEL-TAN, PCF1, PCF2, PCM2 and PCM3. The presence of a significant correlation between "male" pathology components (especially PCM2) and DEM1 could be puzzling at a first sight, but is important to emphasise that DEM1 conveys information on the whole (and not only female) society development and that PCM2 and PCM3 are in turn strongly correlated with PCF2 (the second female principal component). On the other hand, the first principal component of male tumour profile (PCM1) that does not score any significant correlation with any female component (so being a "pure male" tumour macro cause) is not correlated with DEM1, so confirming the "female condition" character of the socioeconomic component. Figure 3 shows the relation between DEM1 and DELTAN, and shows how the earlier and more pronounced advancement of female condition in Northern Europe (higher values of DEM1) goes together with a decrease in the gender diVerences of tumour incidence (lower values of DELTAN).
The quantitative relevance of the obtained results was confirmed by an analysis of variance computed for the nations with a suYcient number of studied regional areas 
Conclusions
This study contributes towards an ecological multivariate approach in epidemiological studies. Its important message is the predominant role of environment-in the complex sense used by ecologists and not in the narrow sense of single toxicologically relevant expositions-in the causation of human cancer. The demonstration of the possibility of modelling the pathology data by socioeconomic descriptors opens the way to further, more refined, analyses aimed at "giving a name" to the tumour profile components, thus enabling the decision makers to undertake practical actions to reduce risks. It should be noted that the relevance of socioeconomic descriptions for understanding pathology profiles is well known to both epidemiologists and pathologists (for example, the epidemiological transition theory as described by Omran 20 ). From a methodological point of view, these results highlight the need for a strong interdisciplinary attitude in dealing with public health problems.
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